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Ship simulators have been used by the U.S. Army Corps of Engineers as an engineering
tool to assess channel design since the 1980’s. A virtual harbor containing validated numerical
currents, bathymetric data, and realistic vessel response allows pilots with local knowledge to
test channel modifications in a no-risk environment. Current analyzes rely heavily on subject
matter experts (pilots) to inform recommendations and does not analyze data output from the
ship simulator. The Data Analysis Tool for Ship Simulation (DATSS) allows the user to process
raw data from the ship simulator, generate summary information, compare simulations directly,
and produce figures by using a rapid, semi-standardized method. This study features a case
study of Mobile Harbor which presents three different possible applications of the DATSS:
grounding analysis, identifying simulator errors, and supporting sponsors requests. Through the
DATSS, data becomes accessible, safety is improved, conclusions are fortified, and manpower is
reduced.
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CHAPTER I
INTRODUCTION
1.1

Ship Simulators
Ship simulators are used to create a virtual harbor or other area of interest to test vessels

in a safe environment. Through the use of hardware that replicates a vessel bridge, pilots can
replicate a vessel transit. While ship simulators can be found across the U.S. (e.g. Maritime
Institute of Technology and Graduate Studies (MITAGS), Simulation Training Assessment and
Research (STAR) Center, San Jacinto College Maritime), they are often operated by mariners
and have a principal focus of training and/or educating mariners.
1.2

Overview of a Navigation Improvement Ship Simulation Study
The U.S. Army Corps of Engineers (USACE) is in charge of operating and maintaining

federal navigation channels across the U.S. However, the shipping industry is changing as
vessels are becoming larger. To be able to accommodate these larger vessels, the navigation
channels often have to be modified. These modifications must be tested to ensure they are
navigationally feasible prior to construction. As a way to assess proposed channel modifications,
the USACE has been using the Engineer Research and Development Center (ERDC) Ship/Tow
Simulator (STS) as an engineering predictive tool since the 1980’s. Utilizing a ship simulator to
inform channel design is a unique application of the ship simulator that largely resides at the
ERDC STS.
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In general terms, the ERDC STS team creates the virtual harbor of the future which is
tested out by pilots that have local knowledge of that specific area to determine if proposed
changes are feasible. Piloting a vessel in a U.S. harbor requires years of specialized training for a
specific waterway. The process of bringing vessels into a harbor is dependent on a pilot making
expert decisions. This human dependence is why ship simulators require subject-matter experts
(SMEs), i.e. pilots, to control the virtual vessel in real-time simulations. The pilots control the
vessel through hardware which replicates a real vessel bridge. During a simulation, the pilot will
control the vessel through the operation of rudders, throttle, thrusters, and tug commands.
The virtual harbor is made up of three main databases: visual, hydrodynamics, and vessel.
The visual database contains the buildings, terrain, and ATONS (aids to navigation). The
hydrodynamic database contains accurate bathymetric data from the area of interest and
validated numerical currents. The vessel model contains vessel information that determines the
vessel dimensions as well as its handling characteristics. During a simulation, many
environmental forces act upon a vessel during a transit. Some of these forces include wind,
waves, currents, bank effects, and ship-to-ship interaction. These forces can be varied to replicate
extreme navigable conditions for testing. During a project, a variety of environmental conditions
are simulated to ensure the design is feasible.
The STS contains three full mission bridges (Figure 1.1). The bridges can be run
independently or linked together to capture ship-to-ship interaction. The bridges operate in realtime, so an hour-long transit in the real world will also take one hour in the simulator.
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Figure 1.1

ERDC STS full mission bridge

During a navigation improvement ship simulation study, an existing condition database is
first created for the area of interest. Local pilots will test the existing condition database and then
it will be updated if any necessary changes were identified. These adjustments could include
adding visual markers needed for navigation, adjusting the vessel models, or modifying the
currents. Once the pilots feel the existing conditions database adequately represents current
navigation, the existing conditions database has been validated. Any modifications made to the
existing conditions database are then applied to the proposed conditions database. Then testing of
simulations featuring the proposed channel can begin. A test matrix, or a list of conditions to be
completed during testing, is created which is made up of unique runs. Each run in the test matrix
is then repeated by several pilots. For example, if a simulation study features 40 unique runs, it
3

may contain a total of 120 simulations performed (each run performed by three different pilots).
After each simulation, output is saved and pilots fill out a runsheet. A runsheet contains
information about the run conditions, any operator notes, pilot comments about the run, and a
pilot score for run difficulty and run safety (Figure 1.2). The simulator output contains latitude,
longitude, and a variety of other parameters that are selected prior to simulation start. The output
is later used to create track plots for each run (Figure 1.3), which show the vessel footprint in the
channel for the simulations. Throughout the testing week, discussions will occur about the design
with the pilots, the STS team, and the sponsors (typically a USACE district and port authority).
Designs are sometimes modified based on pilot feedback and then tested again. At the end of
testing, there is typically a final debrief with all parties in attendance to ensure everyone in
agreement with the proposed channel and then pilots fill out a final questionnaire regarding the
channel and their experience (Figure 1.4). Track plots, runsheets, final pilot questionnaires, and
final discussions are all analyzed to determine final channel recommendations. After analysis, a
report is written that documents the project, results, and conclusions.
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Figure 1.2

Example runsheet from the Mobile Harbor navigation study
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Figure 1.3

Example trackplot from the Three Rivers navigation study

Source: Johnston et al. 2020
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Figure 1.4

Example final pilot survey from the Mobile Harbor navigation study
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1.3

Problem Summary
Current methods used by the ERDC STS team do not include analysis of parameter data

from the output. Parameter data is a log of vessel status throughout the simulation including
variables such as rudder, throttle, engine, under keel clearance (UCK), and thrusters. This data is
cumbersome and difficult to draw out information of interest. Due to this, final channel
recommendations are typically only based off track plots, runsheets, final pilot questionnaires,
and final discussions. Track plots do provide the vessel footprint throughout the simulation but
do not provide additional vessel status information. While these are often sufficient, they rely
heavily on SMEs. There is not currently a technique exercised to support or refute any
conclusions drawn from SMEs.
In broad terms, current methods do not fully utilize the data available to strengthen
conclusions. For example, if a pilot was able to stay in the proposed channel during a turn but
did not feel it was safe due to extreme, prolonged rudder use, a track plot may not adequately
display this concern. However, including a graph of the rudder use would corroborate and
strengthen the pilots’ feedback.
1.4

Objective
The main objective of this study is to create the Data Analysis Tool for Ship Simulation

(DATSS) to process the raw output from ship simulations, produce summary information, and
generate figures by using a rapid, semi-standardized method to promote further understanding of
simulations. By viewing parameter data in a combined collection, patterns can be more easily
determined.
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CHAPTER II
LITERATURE REVIEW
As mentioned previously, utilizing the ship simulator as an engineering tool to inform
channel design largely resides at the ERDC. For this reason, the literature review was focused on
reports from the ERDC who used the ship simulator to review channel modifications.
In the 1990’s data analysis of ship simulation output was often utilized by the ERDC ship
simulator team. However, the analysis performed varied widely between studies. This analysis
was eventually phased out, likely due to its cumbersome nature, and then no longer performed.
However, this section summarizes several studies that utilized data analysis to draw conclusions
about the channel modifications tested.
2.1
2.1.1

Previous ERDC Studies
Summary
A cross-section of eight ERDC ship simulation technical reports were analyzed from

1991-1998 to understand how ship simulation parameter data was historically used and the types
of conclusions drawn from simulations (Table 2.1). There were six first authors and eight study
areas in seven states represented in these reports. The majority of the studies were deep draft
ports, but two of the studies included river or lake traffic. All but one of the reports featured
parameter analysis, however the type of analysis performed was wide-ranging (Table 2.2). The
most common analysis performed was vessel clearances to the channel extents (86% of those
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that performed data analysis), rudder (71%), Revolutions per minute (RPM) (71%), speed (71%),
and maneuvering factor (71%).
If parameter analysis was performed, it often compared existing conditions to future
conditions to determine if vessel use was similar. Additionally, vessel remainders, such as rudder
or engine use, were often highlighted to show concern or support for a channel modification. By
operating at a maximum, there is no safety factor. If a pilot made a mistake, conditions
worsened, or some other issue presented itself, the pilot would not have a way to get out of that
situation if they were already operating at maximum conditions. For this reason, it is important to
ensure that a channel does not require a vessel to operate under maximums or close to
maximums for very long. Parameters were often portrayed as percentages to highlight
remainders available in the report figures.
Table 2.1

Summary of ERDC reports evaluated during literature review

Year Project
Area
1991 Miami , FL

Lead
Author
J.
Christopher
Hewlett
Dennis W.
Webb

1991 Brazos
Island
Harbor, TX
1994 Pascagoula, J.
MS
Christopher
Hewlett
1994 Grand
Randy A
Haven
McCollum
Harbor, MI
1995 Elizabeth
Dennis W.
River, VA Webb
1996 Port Jersey, Michelle
NJ
M.
Thevenot

Type of
Parameter
vessels tested Analysis?
Containership Yes

Source

Bulk carrier,
tow/barge

Webb 1991

Yes

Hewlett 1991

LASH, bulk
Yes
carrier, tanker

Hewlett 1994

Lake cargo
ship

Yes

McCollum &
Daggett 1994

Bulk carrier

Yes

Webb & Daggett
1995
Thevenot et al. 1996

Containership Yes
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Table 2.1 (continued)
Year Project
Area
1998 Brunswick,
GA
1998 Alafia
River, FL

Table 2.2

Parameter
Analysis?
No

Edward F.
Thompson

Bulk carrier, Yes
integrated tug
barge

Source
Huval & Lynch 1998
Thompson et al.
1998

Rudder RPM Speed Maneuvering Clearances Rate
factor
of
turn
Yes
Yes Yes
Yes
Yes
Yes
Yes
Yes Yes
Yes
Yes
Yes

Miami
Brazos
Island
Harbor
Pascagoula
Grand
Haven
Harbor
Elizabeth
Yes
River
Port Jersey Yes

Brunswick
Alfia
River

2.1.2.1

Type of
vessels tested
Tanker

Parameter analysis performed in ERDC reports evaluated during literature review

Area

2.1.2

Lead
Author
Carl Huval

Yes

Yes

Drift Other
angle
Yes
Yes

Yes
Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes,
transit
time
Yes
Yes

Yes

Yes,
heading
and tug
forces

Conclusions drawn from parameters
Rudder, Speed, RPM, and Maneuvering Factor
Revolutions per minute (RPM) is a measure of how hard the engine is working and it

directly influences the speed of a vessel. The maneuvering factor is the RPM times the rudder
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angle, which provides a comparative measure of ship power used throughout a maneuver.
Rudder angle controls the vessels heading and less rudder requirement is preferable in a channel.
Speed analysis can be vital in ensuring that vessels do not exceed any restrictions that
exist in an area. When a vessel travels fasters, it has better control. So, if an area is difficult to
navigate through, a pilot might quickly increase speed either temporarily or prolonged to combat
difficult currents or portions of a channel. However, if an area has speed restrictions, this method
cannot be relied on if the vessel would have to exceed those values. In Hewlett (1991), some
simulations were considered a success until speed analysis exposed that vessels were exceeding a
speed threshold in the area that existed due to congestion and moored vessels. In the simulations
that did not exceed this threshold, vessels portrayed inadequate control and often resulted in
groundings.
Rudder, RPM, and maneuvering factor are linked and were often combined together to
illustrate a plan preference. In Webb (1991), one alternative differentiated itself as a clear
preference in terms of reduced rudder requirements, maneuvering factor, drift angle, and rate of
turn. In Thevenot et al. (1996), a large decrease in maneuvering factor in a difficult part of the
channel confirmed the safety benefit in the proposed channel. Lower rudder requirements
supported the realignment of a channel in Webb and Daggett (1995).
2.1.2.2

Clearances, Rate of turn, and drift angle
Most studies included a calculation of distance from the vessel’s sides to the channel

extents shown as clearances. These values were often used to determine if there were any
sections of the channel where the vessel did not have adequate clearances to suggest a channel
modification. In McCollum and Daggett (1994), clearances were used to indicate a preferred
alternative.
12

Rate of turn is a measure of how fast a vessel is turning and is typically measured as
degrees per minute. If a vessel experiences too high a rate of turn, the pilot can lose control. Rate
of turn was only analyzed in three of the studies, but it was typically used to support an
alternative preference (Webb 1991).
The drift angle is the difference between the heading of the vessel and the track.
Essentially, it is a measure of deviation from the desired path. In Thevenot et al. (1996), a high
drift angle was observed when pilots were backing out a vessel. This lead to the authors to the
conclusion that pilots experienced too little control during this maneuver, so they should prohibit
backing out and require the use of the turning basin instead.
2.1.3

Data presentation
The data was almost always presented as an average along the distance of the track for

the different parameters. Averages were calculated for a small section, typically 500-ft, of the
channel and then these means were averaged for all the runs performed to create representative
vessel information. However, the presentation of this data varied. Multiple plans were plotted
together with standard deviation calculated and plotted by distance with location tags in Webb
and Daggett (1995) (Figure 2.1). In this presentation, a direct comparison between plans along
the channel center line can occur. In McCollum and Daggett (1994), multiple parameters are
shown on the same figure plotted by distance only (Figure 2.2). While this presentation does not
compare plans directly, it allows a more complete picture of vessel status as multiple parameters
can be view at the same time. In this presentation, there is a general area identified, but data is
not linked to a specific channel location. In Thompson et al. (1998), multiple plans are compared
for different parameters and the data is plotted by distance with location tags (Figure 2.3). This
representation supports a comparison of plans and a more complete understanding of vessel
13

status. While only three different presentations are shown here, almost all of the reports varied
from the approach selected. Besides figure presentation, the way the numbers were presented
also varied. Typically, the vessel parameters were shown as a percent of available, but
sometimes the actual values were plotted.

Figure 2.1

Example data presentation with plans compared, standard deviation calculated, and
plotted by distance with location tags

Source: Webb & Daggett 1995
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Figure 2.2

Example data presentation with multiple variables plotted by distance

Source: McCollum & Daggett 1994

15

Figure 2.3

Example data presentation with plans compared and multiple parameters plotted
by distance with location tags

Source: Thompson et al. 1998
2.1.4

Conclusions
Based on the literature review of the ERDC studies, several parameters were determined

as vital to include: rudder angle, engine use, speed, and maneuvering factor. These parameters
were most often analyzed (performed in five out of the seven studies which preformed data
analysis). The parameters also represented generic parameters to analyze that could likely be
utilized by all studies. Rudder angle, engine use, and maneuvering factor lend themselves well to
analyzing vessel remainders which are important to assessing a channel safety risk. Speed is vital
to monitor as pilots may not notice they are exceeding speed restrictions as easily in a virtual
setting. A higher than acceptable speed could allow a difficult area to be ignored through
16

unrealistic vessel control. While clearances were often analyzed, the author felt this information
could be determined from combined track plots. Additionally, it would require channel input for
each alternative which would be a high upfront time cost to the user. Other variables such as rate
of turn and drift angle could provide vital insight, but it would likely not be useful for all areas. It
was determined that those factors could be added at a later time if desired.
The presentation of data in Thompson et al. (1998) was used as inspiration for some of
the figures created (Figure 2.3) using the DATSS. In this presentation, multiple comparisons can
occur simultaneously with a location tag identified. Having the location tag is vital to link vessel
parameters to an approximate channel location. Although data was typically combined to create
representative vessel information in the reports reviewed, this approach was not carried forward
to the DATSS. The developer was interested in having the ability to compare pilots directly.
However, DATSS does have the ability to be combined with data to determine representative
vessel information as a single number as opposed to throughout the entire simulation. By
combining this into a single number, broad trends can be determined through many different
breakdowns. This method would allow for quick, simple comparisons for variety of assessments
such as environmental conditions, pilots, vessels, and alternatives.
While there were many studies that performed turning basin simulations, only one study
performed an analysis of tug forces. Often, the parameters were not analyzed during the turning
basin portions of the channel and only track plots were utilized to inform conclusions. This
negation is not explained in any of the reports reviewed. However, turning basin analysis would
be important to include in the DATSS.

17

2.2

Feedback from STS team
Besides using previous studies, the current ERDC STS personnel was also surveyed to

guide the creation of the proposed tool. In September 2019, the ERDC STS team participated in
a brainstorming session regarding what parameters would be the most beneficial to include and
how to present the data. From this meeting it was clear that a main interest was the ability to
compare simulations head-to-head. This meant developing a method to appropriately link data to
a location and plot data from multiple simulations together. There was also large interest in
showing certain parameter data in a percent use form as opposed to raw numbers and allow the
data to be normalized. This would require a linkage to knowing the maximum values for the
vessel simulated. Rudder and engine power were determined as the most important parameters
for analysis for all studies. An additional area of particular interest was being able to calculate
beam-to-beam distances during passing scenarios. Finally, there was an interest in calculating
time over a set threshold for a simulation.
For turning basin scenarios, it was determined that tug force and thruster uses would be
important to include. A thruster is extra force available on some vessels located at the bow, the
stern, or both locations. For a pilot to utilize a vessel’s thrusters, the vessel must be going slow;
otherwise, it will have minor influence. Thrusters are often utilized in collaboration with tugs to
perform a turning maneuver. By allowing for analysis of both of these parameters, an
understanding of vessel reserves during a turning maneuver could be understood.
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CHAPTER III
PURPOSE AND PROPOSAL
3.1

Purpose
In general, current processes do not fully incorporate all the data collected during

simulations because they are so cumbersome to interact with. By ignoring this vessel status data,
vital insight regarding simulations is being omitted. Essentially, not all of the available
information is being used to make an informed conclusion. This study focuses on providing a
way to make this data accessible so that additional understanding can be obtained.
3.2

Description of Challenge
For each ship simulation study, a detailed description of each run (sometimes individual

simulations) are written in the technical report for the study. This description is typically based
on track plots, pilot comments, and pilot scores; however, this approach does not necessarily
include a full simulation description. Quality of pilot comments on each runsheet varies based on
pilot and fatigue. When a test matrix is created for a study, a full array of conditions are outlined,
however these simulations may be fairly similar to one another. In Table 3.1, an excerpt of the
Mobile Harbor test matrix for only the passing simulations is presented. Note that two vessel
combinations, three environmental conditions, and two visibility conditions accounted for 12
separate simulations. To limit pilots’ time commitment, testing is often condensed to include
longer days with small breaks between simulations. This fatigue can sometimes be observed in
pilot comments that get shorter throughout the testing period. Although simulations performed
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are intentionally selected to jump around the test matrix, as pilots become more accustom to the
channel and the simulator, difficulty and safety scores sometimes become more favorable over
the course of testing. Although SMEs provide vital insight into understanding the feasibility of a
change in a navigation channel, there are other factors that can influence their input. By
analyzing simulator data, a more quantifiable source can be obtained.
Table 3.1

Example test matrix from Mobile Harbor for passing simulations

Run # Inbound
Outbound
Current Wind
Visibility
Vessel
Vessel
9
TANK10L TANK21X Flood
20 kts, SE Clear
10
CNTNR41 BULKC06L Flood
20 kts, SE Clear
11
TANK10L TANK21X Flood
20 kts, E
Clear
12
CNTNR41 BULKC06L Flood
20 kts, E
Clear
13
TANK10L TANK21X Ebb
20 kts, N Clear
14
CNTNR41 BULKC06L Ebb
20 kts, N Clear
15
TANK10L TANK21X Flood
20 kts, SE Foggy
16
CNTNR41 BULKC06L Flood
20 kts, SE Foggy
17
TANK10L TANK21X Flood
20 kts, E
Foggy
18
CNTNR41 BULKC06L Flood
20 kts, E
Foggy
19
TANK10L TANK21X Ebb
20 kts, N Foggy
20
CNTNR41 BULKC06L Ebb
20 kts, N Foggy
This table only includes the passing lane portion of the test matrix for Mobile Harbor. Runs 1-8
were in the turning basin area and Runs 21-33 were in the bend areas.
3.2.1

Difficulty of Data
To appropriately utilize the ship simulation data, it must be available in a digestible way.

In a regular sized ship simulation study, there may be 35 unique runs completed by three
different pilots for a total of 105 simulations. Each simulation produces its own playback file and
excel file. If each simulation chose to record the maximum amount of parameters available (17),
the simulations each lasted approximately 25 minutes, and data was outputted every four
seconds, there would be a total of approximately 670,000 data points. Furthermore, the data is
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multidimensional (time, latitude, longitude, various parameter magnitudes) which makes it hard
to appropriately visualize in a two-dimensional figure. This large, cumbersome dataset does not
easily lend itself to analysis, which is why it has recently not been utilized.
3.2.2

Current Methods
Current methods available to interact with the parameter data requires large manpower, is

slow, and does not allow for easy comparison between simulations. If there is a specific reason
that data needs to be further analyzed, there are three current approaches available to investigate
the data.
3.2.2.1

Method 1: Raw excel data
After each simulation, an excel file which contains vessel status data is created. In a

regular sized simulation study, 105 separate files would be created. Furthermore, each excel file
must be post-processed so that the data can be appropriately interacted with. This postprocessing includes un-hiding the first few rows of data, changing the location information
(latitude and longitude) into a useable form, and reversing the data. Figure 3.1 shows an excerpt
of a raw excel file from the ship simulator which includes nine parameters and 40 seconds of
simulation time. The example shown features only one ownship, or vessel, but a simulation that
includes two vessels, would have both vessels included in a single excel file. The simulator
refers to a vessel with full hydrodynamics associated with it as an ownship. If the excel file was
used, the simulations would need to be plotted by time; however, time is not an ideal metric.
Time does not support relating vessel status to a channel location. In other words, if an issue was
noticed five minutes into the simulation, it is not intuitive to recognize what part of the channel
this issue is occurring at. Latitude and longitude could be used to plot the location (x,y) and then
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the parameter of interest could be colored by magnitude, but these figures can become
convoluted and is limited to one parameter at a time. Furthermore, since the excel data promotes
plotting by time, simulations cannot be easily compared. Even if conditions and starting
locations were the same, one pilot may transit slower than another pilot. So, five minutes into
one simulation is likely not equal to five minutes into another simulation. Additionally,
interacting with multiple files is a slow process as each file would require post-processing.

Figure 3.1
3.2.2.2

Example of an excerpt of raw excel data from a simulation
Method 2: Simulator playback

After each save, the simulator creates a playback file of that simulation. Essentially, the
user can rewatch a recording of the pilot performing the simulation. As the simulation plays, the
data log populates and the vessel follows the previously defined path (Figure 3.2). This option
allows the user to tie vessel status information back to a location in the channel and may provide
the best overall understanding of a simulation. However, even though the simulator does allow
for an increase of speed (up to 13x), it is still a very slow way to investigate a simulation. For
example, a simulation that lasted 25 minutes will still take two minutes to re-watch at 13x speed.
For small, thorough investigations, this offers a good solution, but it is an unrealistic option if the
user needs to analyze a large number of simulations. Furthermore, each instructor station can
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only re-watch one playback at a time so there is no way to compare simulations directly with the
use of one computer.

Figure 3.2

3.2.2.3

Example of simulator playback

Method 3: Track plot review
Following pilot testing, raw data from simulations are processed and used to create track

plots. Track plots show the vessel footprint throughout the simulation and are typically created in
ArcMap or AutoCAD. The database allows for combining vessel tracks from multiple
simulations at once which allows for visualization of the total channel footprint for the study. In
Figure 3.3, an example is shown which combines multiple simulations that featured the same
conditions in one plot. While this method does allow for direct comparisons of simulations with
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each other, it does not provide information regarding vessel status. So while a vessel may not
have exceeded the channel during a simulation, it also important to understand the vessel
reserves. If the parameter data showed that the vessel was using max rudder and exceeding speed
restrictions in the area when it made a turn then that is a failure regardless if the vessel stayed
within the channel confines.

Figure 3.3

Example of a combined track plot from Calcasieu Lock

Source: Johnston 2019a
3.2.3

Diversity of Simulation Projects
Another challenge is the variation between each project. Navigation studies that use the

ship simulator to inform channel design can include deepenings, widenings, addition of
structures, impacts from jetties, turning basin expansions, passing lane expansions, bend easings,
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and more. Each location has its own set of unique navigational concerns. The location
characteristics will inform the conditions that will be tested and focused on during simulations.
For example, wind may be a major concern if a large percentage of the vessel traffic has extreme
air draughts (portion of the vessel above the water line thus exposed to the wind), such as ro-ros
(roll-on/roll-off) (Johnston & Allison 2020). However, if it is an inland study utilizing loaded
tow and barge configurations, wind may have little to no impact (Johnston et al. 2020). Tidal
components could be very important to include in areas that have a large tidal range (Cialone et
al. 2017). Currents may be a vital portion of the study (Webb et al. 2019) or have little impact
(Johnston 2019b). The location will also inform the types of vessels tested in the simulator based
on the proposed modifications and the local traffic it would impact. A large range of vessels
could be tested in the simulator including, but are not limited to, tow and barge packages, cruise
ships, containerships, bulk carriers, tankers, and ro-ros. Note that the various vessel types are
typically piloted very differently, so the vessel status information could not be compared headto-head. Furthermore, a single project may focus on multiple ship sizes and types for testing.
This disparity between projects matters as the simulator will be used very differently and
would generate drastically different parameter output. For example, a study that requires testing
of a turning basin will require low vessel speeds, high tug usage, and thruster usage (if
available). While a study focused on an entrance channel modification would allow for high
vessel speeds, and no tug or thruster use. A vessel that has the ability to transit faster will get a
better rudder response as more water travels over the rudder. Therefore, less rudder usage should
be required. Additionally, heading, or vessel direction, can influence vessel handling. If the
vessel is traveling against the currents, the vessel would handle better than if going with the
currents. If transiting with the currents, the vessel must maintain a speed greater than the currents
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to maintain control, otherwise the vessel would essentially be floating. The vessel simulated
fundamentally matters to vessel handling, vessel requirements, and environmental impacts.
Therefore, it was important to establish a tool that was flexible enough to provide useful
information from a variety of locations, environmental conditions, vessels, and channel
modifications.
3.3

Requirements
By relying on the pilot comments, pilot scores, and vessel footprints, issues may not be

fully identified or justified. Furthermore, safety hazards may be overlooked by not monitoring
vessel status such as prolonged maximums or inappropriate vessel handling. By providing a
means to view the data in a more digestible way, a better understanding of simulations can be
obtained. Through an analysis of previous studies, discussions with the ERDC STS team, and
fully describing the problem, three main requirements were determined for the DATSS:
•

Create the ability to quickly process raw excel data and present the information in
a digestible way through a repeatable, semi-standardized process that is flexible
enough to support a variety of circumstances

•

Determine a way to connect data back to a meaningful location, and be able to
compare simulations directly

•

Establish a solid foundation that could be expanded in the future
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CHAPTER IV
METHODS
4.1

Program Development
After determining the main objective and the requirements for the DATSS, the next task

was determining how the program would function and where it would reside. The DATSS
needed to be flexible so that it could be applied to different studies, areas, environmental
conditions, and vessels. This flexibility encouraged the creator to write the code in a way that
features and analysis options could be selected or unselected while maintaining functionality.
This chapter focuses on the development of the code and the logic utilized. Chapter V provides
examples of the presentation of data from the DATSS. Chapter VI presents the results of the
code using a case study of Mobile Harbor.
The Beta version was written using excel VBA language, but variable tracking between
excel files quickly became difficult and easy to confuse. The preliminary logic was rewritten
using MATLAB.
4.2

Program Summary
The DATSS features one main program that calls 11 other functions. It is approximately

3,000 total lines of newly written code. Figure 4.1 shows the basic steps of the DATSS. First,
preliminary options are selected in the header portion of the program. This includes what type of
analysis will be performed and the type of plots desired. Additionally, preliminary information
must be provided in an initial information sheet (Section 4.3.1), initial coarse grid (Section 4.4),
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and a vessel library (Section 4.3.2). If plot by location is selected, a sub-grid will be created. The
DATSS will then open each raw excel data file and process the data so that it is in a useable
form. Using the initial information sheet and vessel library, vessel information for each
simulation is looked up. Each data file will then have analysis values calculated often in the form
of percent use (Section 4.5). If the simulation includes two ownships in a single simulation,
meeting location information will be calculated (Section 4.6). If an area of interest (AOI) is
specified, then AOI information is extracted (Section 4.6). Next, averages of the parameters
selected for analysis are calculated and placed into a summary table. If a data purge is selected,
then some data will be removed based on time. This time purge option allows figures to be
created focused on trend and removes some variation. However, it is not recommended that this
number be large as the user may remove important details. If summary plots are desired, bar
graphs are created that show various breakdowns (Section 4.7). In the current version, break
down by simulation, run number, pilot, alternative, and vessel is available. If individual plots for
each simulation is selected, then they are produced, plotting by either time or location (Section
4.8). If combined plots are selected and location analysis is turned on, then plots for each
different run number are created (Section 4.8).
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Figure 4.1
4.3

DATSS basic steps

Preliminary Steps
There are a few requirements when starting a new project through the DATSS. First,

preliminary options must be selected in the header portion of the code (Appendix A). Currently,
the parameters that can be selected include rudder, tug, throttle, thruster, speed, and maneuvering
factor analysis. If an AOI is desired it must be specified here. Location analysis and grid sizing is
set in this section. If the simulation includes a meeting, approximate headings for the vessels
during the meeting are required to appropriately differentiate between inbound and outbound
vessels. Graphs can be color coded by pilot. The type of graphs are also selected such as
individual, combined, and summary bar graphs. File paths to the initial information sheet, vessel
library, and initial grid must be specified.
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4.3.1

Initial Information Sheet
Through the DATSS, it was important to be able to promote the ability to recognize

trends. One way to do that was to calculate summary averages based on the various conditions
preformed. This can give insight into if one particular run number or a shared condition across
multiple run numbers showed the use of more vessel reserves than the others.
The raw excel data does not provide the conditions the simulation was performed under.
So to be able to see any trends related to conditions, they would need to be user incorporated. For
each various condition, special code in the DATSS would be required to appropriately group the
conditions and the user would have to provide all the condition information in the initial input
phase. Conditions that could be varied include area, vessel, channel alternative, visibility,
heading (vessel direction), wind, number of tugs, and current. However, the conditions tested in
each unique study are largely different from one another. Table 4.1 shows a summary of
conditions tested in the Mobile Harbor and Three Rivers studies. Note the types of conditions of
interest for the DATSS vary for the two studies (see red numbers in Table 4.1). For the Three
Rivers study, the parameters of interest would include heading, currents, and extreme scenarios
while the Mobile parameters of interest would include areas, vessels, heading, currents,
visibility, and wind. The extreme scenarios tested during the Three Rivers study was a
particularly unique application that is very rarely investigated using the ship simulator.
Furthermore, the conditions of interest for the DATSS may not be the same within a single study.
Table 4.2 shows an expanded summary of the Mobile Harbor testing that was completed. The
three areas tested in Mobile are largely different from each other and in general should not be
compared with one another. The vessel handling while turning in a turning basin, requires slow
speeds, large tug usage, and thruster response (if available) while the bend area, located near the
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entrance channel, allows for high vessel speeds, and no tug or thruster use. In this case, the
DATSS should utilize a new instance for each different area because of the vast differences in
expected vessel handling.
Table 4.1

Summary of conditions tested during the Three Rivers and Mobile Harbor study

Study
Extreme
Alternatives Areas Vessels Heading Currents Visibility Wind
Area
Scenario
Three
1
1
1
3
6
1
0
2
Rivers
Mobile
1
3
6
3
4
3
3
0
Harbor
Red numbers highlight the conditions which would be of interest for analysis using the DATSS.
The Three Rivers study can be found at Johnston et al. 2020. The Mobile study can be found at
Johnston et al. 2021.
Table 4.2

Expanded summary of conditions tested in Mobile Harbor study

Area

Vessels

Heading

Currents

Visibility

Wind

Turning Basin

2: A, B

2: A, B

1: A

2: A,B

1: A

Passing

4: C,D,E,F

1: C

3: B,C,D

2: A,C

3: A,B,C

Bend

2: A, B

2: A, B

3: B,C,D

1: C

3: A,B,C

Total

6

3

4

3

3

Red numbers highlight the conditions which would be of interest for analysis using DATSS. A
letter was assigned to each different condition tested to show overlap between the different areas.
Since the conditions of interest largely change from study to study, user input
requirement would be high to provide conditions, and a more complex code would be required, a
more encompassing strategy had to be determined that could be used by different priorities for
analysis. The decision made was to focus on run number. A run number is a simple name given
to a combination of conditions in a project (Table 3.1). Additionally, vessel name and max
tonnages for each tug was requested so that percent usage could be calculated for a variety of
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parameters. Finally, channel alternative and pilot name were also determined to be an initial
input requirement. If there were any major disagreements between pilots, outliers could be
determined by providing the ability to differentiate by pilot. By combining all these requirements
together, an initial information template was created that would be required prior to completing
any analysis in the DATSS (Figure 4.2).

Figure 4.2

Required information sheet

Not shown due to page width, but there is also space to include pilot and vessel information for a
second vessel if applicable for a simulation.
4.3.2

Vessel library
The vessel library is an excel sheet that has basic information for each vessel (Figure

4.3). This serves as a look-up table. Based on the initial information sheet, each simulation
designates a vessel name. That name is later used to look-up the maximum values of RPM,
engine power, rudder angle, thruster power, and vessel dimensions. By knowing the maximums,
vessel parameters can be represented as percentages. Units from the raw excel data determine
which values are extracted from the vessel library.
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Figure 4.3

4.4

Excerpt of the vessel library

Grid Development
Due to the requirement of being able to directly compare simulations, a location tracking

system had to be created. This tracking system was not trivial as it required connecting data to a
meaningful location while keeping the figures easy to understand. As each study is located in a
different area with various channel layouts, it was vital to create something that would mold to
diverse configurations. As the data is multidimensional (time, latitude, longitude, various
parameter magnitudes) visualization was important to consider when creating a two-dimensional
figure. Therefore, it was determined that one tracking number, a location tag, would have to be
created that approximated two numbers: latitude and longitude. The ultimate product was
modeled after numerous previous studies that presented the data in similar ways (Section 2.1.3),
with the known location tag presented along the x-axis and the parameter data magnitude plotted
along the y-axis (Figure 2.3).
4.4.1

Basic Logic
It was determined that a grid with location tag information would need to be created to

allow for the presentation desired. However, to be able to plot data by a location tag, the tracking
system would need to be small enough that data would not be plotted on top of one another. In
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other words, if a block of one mile was selected as single location tag, then several minutes of
data would be plotted at the same location. It was determined that an initial course grid would be
required to limit requirements from the user but also provide a good starting point for the
program. Each section of the initial grid would be assigned a location tag, or number. Then the
DATSS would further segment the starter grid into smaller sections to prevent data points from
being plotted at the same instance. The coarse grid will be assigned integer location tags but the
smaller subsections will contain location tags made up of float numbers (Figure 4.4). In Figure
4.4, a small section of the entrance channel of Mobile Harbor is used as an example for this
logic. Location tags in section 1 (red) would be either 1 or 1.5 for the smaller subsections while
location tag values in section 2 (yellow) either be 2 or 2.5 for the smaller subsections. This is a
simplistic example to show logic. A smaller grid should be created to prevent data from being
plotted at the same location tag value. Eventually, logic will be used to determine which grid
segment a data point is located in and then the appropriate location tag would be assigned.
Ultimately, the location tag will be used to plot the data along the x-axis and then the x-axis label
will be replaced by the corresponding known location names. In the example provided in later
sections, the known location names are represented by buoy number, but any value of interest
could be used instead.
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Figure 4.4

Basic logic of location tag

Section 1 is shown in red while section 2 is shown in yellow.
4.4.2

Initial Grid
The DATSS takes the input of the initial user provided points (name, latitude, longitude)

and connects the points to make an initial coarse grid. The DATSS creates this grid by
connecting four points together to create a series of quadrilaterals. Figure 4.5 shows an example
of the initial grid connection in Mobile Harbor near a bend easing. In this example, points 15-18
are connected to create section 1. Then points 15 and 16 are dropped and points 19 and 20 are
picked up to create section 2 which is made up of points 17-20.
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Figure 4.5

Example of how the initial grid is created from user provided points

An initial grid could be pulled from buoy information for a project. This information is
already created for each study area so it could easily be extracted from the simulator. Figure 4.6
shows a small section of the buoys in Mobile Harbor near the bend that was tested and the
original channel lines (solid white line). To create the initial grid, the buoys are connected to
create quadrilaterals in the DATSS. The logic used to create a smaller sub-grid from the initial
coarse grid requires that quadrilaterals created from the initial grid be approximately rectangular.
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As seen in Figure 4.6, the initial grid (dotted blue line) created sections that were approximately
rectangular except for the two quadrilaterals created from buoys 19-24. To fix this, two extra
buoys were added (green buoys in Figure 4.7). Figure 4.7 shows the adjusted initial grid (dotted
blue line) based on the addition of these added buoys.

Figure 4.6

Mobile buoys near bend and initial grid created

Channel outline is shown in white. Left image shows initial buoys. Right image shows the initial
grid (blue dotted) that would be created from the initial buoys.
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Figure 4.7

Adjusted Mobile buoys near bend and adjusted initial grid

Channel outline is shown in white. Left image shows initial buoys (red) plus added buoys
(green). Right image shows the adjusted grid (blue dotted) that would be created from the
modified buoys.
4.4.3

Sub-grid
Once the initial grid is created, a sub-grid with smaller subsections can be generated. In

Figure 4.8, a small section of the entrance channel of Mobile Harbor is used to demonstrate this
logic. Figure 4.8 shows a portion of the initial grid required from the user and a visualization of
those starter points (MBL B1-B8). From those points, a smaller sub-grid is created. Figure 4.9
shows an example and visualization of the information the DATSS creates based off of four
starter points (MBL B1-B4) and a spacing size at 75 m. The DATSS calculates the distance
between the left bound points (MBL B1 and MBL B3) and provides the locations of the smaller
left bound locations (green rectangles) of the sub-grid. It repeats that logic for the right side of
the subsection (orange rectangles). Then it determines the midpoint (white triangles) between the
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left bound and right bound points. In each subsection, a representative location tag is created that
will be utilized to plot the data later (yellow numbers in Figure 4.9). Figure 4.10 shows a smaller
portion of the subsection with location tag labels identified. Using the example provided in
Figure 4.10, if a data point is found to be located inside the second grid area (red rectangle), then
it will receive a location tag of 1.09.

Figure 4.8

Visualization of a small section of the Mobile initial coarse grid that is user
provided
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Figure 4.9

Small section of the Mobile sub-grid created via the DATSS

Using the four initial buoy location information (MBL B1-4) and a specified sub-grid distance of
75 m, a smaller sub-grid was created. Left bound latitude and longitude information can be found
in columns 4 and 5 and shown as green rectangles. Midpoint information is shown in columns 6
and 7 and shown as white triangles. Right bound information is shown in columns 9 and 10 and
shown as an orange rectangles. Location tag information is shown in the yellow numbers and in
column 3.
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Figure 4.10

4.5

Visualization of the total area represented by each location tag for a small section
of the Mobile sub-grid

Processing, Vessel Information, Calculating Analysis Values
Using the information provided in the initial information sheet, raw excel files are opened

and processed. This processing includes removing unused rows, extracting variable names and
units, and reversing the data. This processed data is then added to a large MATLAB database.
Using the initial information sheet and the vessel library, vessel and simulation information is
determined. Then each row in the excel sheet is processed by converting the latitude and
longitude into a useable form, assigning a location tag if applicable, and calculating analysis
values. This includes percent use for rudders, engine power, thruster power, tug force, and
maneuvering factor. Additionally, a total time over a set threshold is determined for both rudder
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angle and tug force. This time over threshold was based off a specific request from the STS team
during the brainstorming session. If there were multiple vessels in the simulation, all of the
above analysis value calculation is repeated for the second ownship. If AOI or meeting location
information is applicable, it will also be calculated at this time.
4.6

AOI and Meeting Location Information
If there is more than one ownship featured in a simulation, meeting location information

is automatically calculated. A beam-to-beam distance is calculated between the two ownships.
This calculations utilizes the latitude and longitude produced at each data point for each vessel,
which is located at the midpoint of each vessel. A distance between the two points is calculated
and then the vessels’ beams are removed to calculate a beam-to-beam distance (Figure 4.11).
When this beam-to-beam distance is found to be at a minimum, data is extracted to be used later.
At this time, the DATSS extracts location information, speed, and heading for each ownship.
Additionally, speed differential and distance is calculated from the two vessels. This option of
meeting location extraction is very important as this is often recorded during simulations.
However in current methods, it is measured by dropping in a moving ruler while ships pass. This
form of measuring is not extremely accurate as it requires the operator to pay close attention,
move the ruler quickly, and record the correct measurement. Furthermore, operators may
perform this maneuver in slightly different manners, which can cause a measurement difference
between operators as well. The values recorded could be checked using playbacks, but it would
be a very time consuming process to verify all the meeting scenarios. By using the DATSS, an
accurate meeting distance can be calculated using the same method every time while extracting
other useful information simultaneously.
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Figure 4.11

Meeting location distance calculation

An area of interest (AOI) can be selected when there is only one ownship in a simulation.
This calculation is similar to that of the meeting location calculation. As the simulation
progresses, a distance is calculated from the vessel’s location (midpoint) to the AOI. When this
distance is at a minimum, data is extracted to be used later. Currently, the DATSS extracts
location, speed, heading, time, and distance.
Note that either the meeting or AOI calculations measure distance from the beam of the
vessel but does not calculate the shortest distance. For example, the vessels may be angled while
transiting and the bow of the inbound vessel may be closer to the stern of the outbound vessel
than the beam distance calculated. However, the beam-to-beam distance is a frequently used
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measurement during passing. The code would have to be expanded if a more precise calculation
for an AOI was desired.
4.7

Plotting of Summary Analysis
At the end of each simulation file, run summary information is calculated. Essentially,

averages are calculated for the simulation for each parameter of interest and placed into a
summary table. Typically, this is an average percent use for each parameter. Additionally,
meeting and AOI information is added to the summary table if applicable.
Once all the calculations are completed, the data can be presented in bar graphs in a
variety of breakdowns if summary analysis is selected. Further examples of this data presentation
can be found in Chapter V. Currently, the DATSS features breakdowns of run number, pilot,
vessel, and alternative. First, a visualization of the summary table is presented for each
individual simulation in the simulation number breakdown. Then the DATSS goes through the
summary table, groups the values by the appropriate tag, and then calculates an average for each
breakdown of interest (Figure 4.12). For simulations with two ownships, the inbound vessel is
separated from the outbound vessel based on meeting heading and the user supplied approximate
heading in the header portion of the code. If desired, the user could also preform additional
analysis using the summary table information to create other breakdowns of interest such as a
breakdown by a certain run condition (e.g. simulations completed with foggy versus clear day
visibility).
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Figure 4.12

4.8

Example Summary Analysis

Graphing of Simulation Data
After summary analysis is completed and individual graphs are selected, graphs are

created for each individual simulation data. If time purge has been selected, data is deleted in the
processed excel file that is not divisible by the specified time purge value. This allows for
individual simulation graphs to be presented cleaner, but should be used sparingly as important
data can be removed. The data can be presented in a variety of forms and depend on the analysis
performed. Further examples of this data presentation can be found in Chapter V. The main
individual simulation graph will expand to incorporate all parameters analyzed on a single graph
(excluding tug forces) (Figure 4.13). This allows the user to understand vessel status by being
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able to clearly link all the parameters of interest throughout a simulation. If a simulation includes
tugs, it is presented in a separate graph for clarity.
The DATSS uses variable tracking to determine the appropriate information to create
each of the graphs. There are several different options on how data may be presented. For
simulations with two ownships, simulations will be plotted individually based on location tag.
The location tag is required so that the two ownships may be appropriately linked. If there is only
one ownship, simulations may be plotted by either time or location. Additionally, run number
plots may be created if there is only one ownship and location analysis is selected. In these plots,
multiple simulations are plotted on a single graph for each run number.

Figure 4.13

Example Simulation Data Plot
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4.9

Conclusion
Following the creation of the combined run number graphs, the DATSS is finished. At

this point, the user must analyze the graphs and summary information to determine if there are
any trends or conclusions that can be recognized. The MATLAB information compiled can be
further analyzed or inspected if desired. Figures created can be saved to be incorporated in
reports or presentations. Figures are not automatically saved intentionally as not all figures may
be important or necessary to incorporate. Additionally, they may need to be resized first for ideal
presentation.
Figure 4.14 provides a more detailed description of the broad logic used to create the
DATSS code (brackets representing larger if statements and for loops). While this is more detail
than the original basic steps presented in Figure 4.1, it has still been greatly simplified to
represent the overarching details.
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Figure 4.14

DATSS simplified program logic

Brackets represent larger if statements and for loops.
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CHAPTER V
PRESENTATION OF DATA
This chapter focuses on providing some examples of the different forms of data
presentation available in the DATSS. Further descriptions of the data presented (i.e. scenarios)
and the conclusions that could be drawn will be explained in Chapter VI.
5.1

Summary Breakdown Graphs
If summary analysis is turned on, summary data is presented in bar graphs for a variety of

breakdowns. First, a breakdown for each simulation number is created for a variety of parameters
of interest. The parameters presented depend on the type of analysis selected by the user in the
header section of the code (Appendix A). In Figure 5.1, the breakdown for each simulation is
shown for passing scenarios in Mobile Harbor (visualization of the summary table). The
parameters presented in Figure 5.1 included the amount of time the vessel spent above a user set
rudder threshold (A), average percent rudder use (B), average percent engine use (C), average
percent maneuvering factor (D), average vessel speed (E), and meet speed (F) for each
simulation. High values in the percent rudder, engine, or maneuvering factor (B, C, and D) may
signify unsafe conditions. Speed values (E and F) need to be reviewed to ensure that speed
restrictions are not being exceed and that vessel handling is realistic. Although time over the
rudder threshold (A) was calculated due to a specific ERDC STS request, this analysis likely
needs to be reconsidered as it does not take into account how long a simulation occurred.
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Viewing all this data for each simulation is a large amount of data that will likely not easily show
trends but does provide a visualization of the data summary table. Note that simulations with two
ownships differentiate between an inbound and an outbound vessel as the vessel handling is
likely extremely different and should not be combined together. For example, in the Figure 5.1,
the outbound vessel has much higher average engine use than the inbound vessel. This
discrepancy is because the desired speed in this area is around 10 knots but the max vessel
speeds for the inbound vessel (25 knots) and outbound vessel (16 knots) varied drastically. So,
the pilot on the outbound vessel had to use much more of its engine to reach that desired speed.
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Figure 5.1

Breakdown by simulation number (visualization of summary table)

Inbound and outbound vessels are differentiated in simulations which feature two ownships.
The summary data is averaged in various ways to create breakdowns such as run number,
pilot, vessel, and alternative. In Figure 5.2, the summary data presented in Figure 5.1 was
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combined together to created averages for each run number. These graphs can be used to identify
tendencies in vessel handling, locate outliers, and highlight safety concerns due to high vessel
use. For a more thorough collection of summary breakdown graph examples see Appendix B.
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Figure 5.2

Breakdown by run number

.
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If there are two vessels, then meeting location information is presented (Figure 5.3). This
presentation only occurs for the simulation breakdown because they are inherently linked to both
vessels and both pilots. Therefore, it would not make sense to combine the values and present the
information for various breakdowns. Currently, meet speed differential and a beam-to-beam
distance is calculated for each simulation meeting. For simulations focused on passing, this is
typically the most important information pulled out of the DATSS. Vessels must be traveling at
ideal speeds and distances apart to have a successful pass in a restricted channel to be able to
combat ship-to-ship interaction. A further description of conclusions that can be drawn from
these graphs is discussed in Chapter VI.
If there is an AOI, the speed and distance from the vessel’s beam to the AOI, is
calculated and presented in a bar graph form (Figure 5.4). The AOI analysis is only available
when there is one ownship per simulation. So, this information is available in all the other
breakdowns as it is only linked to a single ownship.

Figure 5.3

Breakdown featuring meeting information
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Figure 5.4

Breakdown featuring AOI information

By combining this summary information in various ways, different trends can be
recognized but the summary information is not an entire description. The DATSS is a tool to
make analysis easier, but to draw conclusions, the user must compare back to run conditions to
understand if there is an underlying explanation for unique vessel handling (e.g. high vessel
speeds when traveling with strong currents). Additionally, individual plots can be created which
provides an account of vessel status throughout the entire simulation.
5.2

Individual plot examples
There are several different options on how the individual simulation data may be

presented. The presentation depends on how many ownships are in the simulation, if data is
plotted by time or location, and if some of the data has been removed based on time.
If there are two ownships, simulations must be plotted by location. Location is required
so that the two ownships can be appropriately linked and an approximate meeting location
visualized. In Figure 5.5, it can be noticed that the vessel piloted by Wilson, grounded shortly
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after meeting the vessel piloted by Brock (speed dropped to zero). This grounding is noticeable
in the graph that presented all of the information, but is not shown when the data has been
purged to only show 30 second time intervals (Figure 5.6). This highlights an extreme example
where too much information has been eliminated by selecting a time increment that was too
large. However, a smaller time increment could clean the data slightly to make it easier to
understand without smoothing too much information away.
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Figure 5.5

Example of simulation data plot for two ownships plotted by location
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Figure 5.6

Example of plotting full simulation data versus time purged simulation data

If there is only one ownship, simulations may be plotted by either time or location. The
main graph will expand to plot all parameters of interest on a single graph, excluding tug forces.
Figure 5.5 features four parameters while Figure 5.7 features five parameters. In the example
shown in Figure 5.7, rudder use, engine use, maneuvering factor, speed, and bow thruster use
can all be linked together to recognize a thorough vessel status at any point in time during the
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simulation. If a simulation includes tugs, it typically features more than one. For this reason, tugs
are shown on a separate graph for clarity (Figure 5.8).

Figure 5.7

Example of a simulation data plot for one ownship in a turning basin scenario
plotted by time
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Figure 5.8

5.3

Example of separate tug information simulation data plot for a turning basin
scenario plotted by time

Combined plots
If there is only one ownship, plots may be combined and plotted by location for each run

number. Location is required so that different simulations are accurately linked. Figure 5.9 and
Figure 5.10 features example combined plots for run number 30 that have been colored by pilot.
In this example, pilot #10 (red) is shown to be traveling much faster than pilots 5 or 6 (blue and
black, respectively). This high speed likely resulted in the soft grounding that is shown near buoy
“TempB21.5.” A soft grounding is when a vessel touches the bottom, but is able to keep going.
While Figure 5.9 and Figure 5.10 each show two parameters in a single figure, these plots are
created one at a time due to complexity and sizing requirements. The graphs were modeled after
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some of the figures presented in McCollum and Daggett (1994) (Figure 2.2). However, the
DATSS graphs present multiple pilots instead of multiple parameters.

Figure 5.9

Example of run number combined data plot for a bend easing simulation
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Figure 5.10

Example of run number combined data plot for a bend easing simulation continued
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CHAPTER VI
RESULTS: MOBILE HARBOR CASE STUDY
The Mobile Harbor ship simulation study was selected as a case study as it contained a
wide variety of areas, conditions, and vessels tested. The DATSS was applied to Mobile Harbor
and three different applications of the tool are discussed in the following chapter.
6.1

Study Summary
Mobile Bay is a large estuary that is connected to the Gulf of Mexico in the southwest

corner of Alabama. Design level simulations were completed in summer 2020 at the ERDC STS.
The purpose of the Mobile Bay ship simulation study was to assess navigation viability of
modifications to the federal navigation channel (Figure 6.1). The modifications included a
channel deepening (grey dashed), bend easing (green dashed), a widening for a passing lane
(blue dashed), and a turning basin expansion (orange dashed). The federal channel is very long
(approximately 40 miles from entrance channel to the Choctaw Pass turning basin) so specific
features of interest had to be determined. There were three main areas of interest: bend easings,
widening for a passing lane, and a turning basin expansion.
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Figure 6.1

Mobile Harbor study area

The federal navigation channel is shown in red. The colored dashed boxes highlight the locations
of the various channel modifications.
6.2

Applying the DATSS
Over the course of two testing weeks, eight pilots completed 36 unique scenarios for a

total of 108 simulations performed. Of the 108 simulations, 47 featured two ownships. A total of
six different vessels, four different currents, three visibility conditions, and three wind conditions
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were simulated. Each simulation recorded 17 separate parameters of interest for each ownship in
the simulation. Using an estimate of 25 minutes per simulation with output every 3 seconds,
there was roughly 1,300,000 data points available for assessment. Under current methods, these
data points would not have been utilized and conclusions would have been limited to pilot input
and track plots. However, the DATSS makes this data accessible to provide additional support.
Four different instances were created in the DATSS for the bend easing, vessel passing
combination one, vessel passing combination two, and the turning basin simulations. These
separations were determined as vessel handling would vary dramatically, different vessels were
used, and the information of interest varied. An initial grid was created for the entrance area
which was utilized for the passing and bend easing simulations (Figure 6.2). No grid was used
for the turning basin simulations, so simulations were plotted by time. One vessel library was
established (Figure 4.3) which included all of the vessels in the ERDC vessel library and it was
utilized for all the analysis completed. Four different initial input files were required for each
instance (Figure 4.2). Each initial input file contained file paths to the raw data (Figure 3.1) of
each simulation referenced. Percent thresholds for rudder (all instances) and tug (turning basin
instance of analysis) was set for 75%. The DATSS instance for the turning basin also included an
AOI at the northern dock of the McDuffie Coal Terminal (Figure 6.3). The header portion of the
code (Appendix A) was altered slightly for each instance to vary file paths and analysis
selections. The following sections present some of the output and highlight conclusions drawn
from the analysis performed. Additional presentation of the output data is shown in Appendix B.
Note not every graph created is presented in this report as it would be too expansive. It is
expected that every graph created from the DATSS during analysis may not provide important
results. The output must be reviewed carefully to determine conclusions. The DATSS in this
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example case study allows for grounding analysis, identifying simulator errors, and streamlining
of sponsor requested data extraction.

Figure 6.2

Initial grid provided for Mobile passing and bend simulations
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Figure 6.3

AOI identified near turning basin entrance

Yellow lines show the proposed new channel lines.
6.3

Application #1: Grounding Analysis
During this study, there was a larger than expected number of groundings that occurred

especially in the passing lane area. A grounding in the simulator occurs either when the vessel
bottom hits the ground or if two vessels collide. Although the pilots expressed minor concerns
regarding the groundings, there was a need to understand what was causing them to make sure
there was not an underlying channel deficiency being overlooked. First, a condition analysis was
performed to determine if there was a specific environmental trend. Following this analysis, it
was clear that two conditions were associated with a much lower success rate than the others:
foggy visibility and flood tide with east wind (Figure 6.4).
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Figure 6.4

Mobile passing simulations break down by environmental conditions

Source: Johnston et al. 2021
Through discussions with the pilots, some additional factors were identified as being
important for meeting scenarios. One of these included that an ideal meeting speed under these
conditions would be close to 10 knots. It was also determined that passing simulations would not
be attempted under fog conditions under current operations. Pilots identified that a large speed
disparity between vessels could cause difficulties during a meeting situation. Essentially, the
faster moving vessel could cause the slower moving vessel to be “bullied” and lose control. This
overwhelming of the slower moving vessel is exasperated when the faster moving vessel is also
larger than the slower moving vessel. Finally, pilots identified that vessel spacing was important,
but could not provide what an unacceptable value might be.
Using this pilot input as a guide, the data was reassessed to determine what the thresholds
for these ideal meetings might be. In other words, how much over 10 knots did a vessel need to
be traveling before difficulty was identifiable? Although high vessel speeds often allows for
better vessel handling, there is a limit. If the vessel is traveling too fast and something changes
that the vessel must account for – such as a large amount of water being pushed by a passing
vessel – the window for reaction is very small. Essentially, the margin for error is reduced and
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the vessel can lose control quickly. After reviewing the data, a threshold for high meeting speed
was determined as 11.5 knots or greater and a threshold for large speed disparity was determined
as the larger vessel going 2 knots or greater than the smaller vessel. For the simulations shown in
the following figures, the inbound vessel was much larger than the outbound vessel. Note that
although these thresholds were approximately appropriate for these conditions, it is no means a
rule for other situations.
The Mobile data was processed using the DATSS and a vessel meet speed disparity and
vessel meet speed graph is shown in Figure 6.5. In these graphs, the determined thresholds have
been added as horizontal black lines and red boxes identify which simulations featured a
grounding. If the simulation showed that both of these thresholds were exceeded, a green box
was added in Figure 6.6. Of the six simulations that exceeded both of these thresholds, five of
them resulted in a grounding. For ease of understanding, only one of the two vessel meeting
combinations are shown in Figure 6.5 and Figure 6.6. However, the other vessel combination
showed similar trends. Through these graphs, some extremes can be acknowledged. In the
grounding that occurred in run number 10 and the second grounding that occurred in run number
18, there were extreme vessel speeds (approximately 14 knots and 17 knots, respectively) and
extreme vessel speed disparity (approximately 4.5 knots and 7.5 knots, respectively). Regardless
of the conditions tested, these simulations would have resulted in a grounding. Those speeds are
unacceptable for meeting in the area and are not representative of current or future operations.
Through an analysis of the data, those groundings can be removed as a concern with the channel.
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Figure 6.5

Mobile vessel meeting speed disparity and meeting speed

Red boxes mean a grounding occurred during the simulation. The black horizontal lines
represent the thresholds for vessel speed disparity and vessel speed.
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Figure 6.6

Mobile simulations which featured both high vessel meeting speed disparity and
meeting speed

Red boxes mean a grounding occurred during the simulation. The green dashed boxes mean the
simulation featured both a high vessel meeting speed disparity and a high meeting speed.
Additional analysis was performed based on the factors identified by the pilots and the
environmental conditions. Five factors were identified as being linked to groundings in these
simulations. These factors included, adverse visibility, adverse wind, high transiting speeds,
large speed disparity, and transiting vessels being out of position. A factor score was determined
for all the passing simulations (Figure 6.7). From this combination, it is clear that the higher the
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number of factors, the more likely a grounding occurred during the simulation. Based on the
analysis performed, it was determined that environmental restrictions would be required such as
no passing during foggy conditions or strong east wind. Additionally, vessel restrictions would
likely be required which set limitations on vessel passing combinations and speed restrictions.
By setting these restrictions, four of the five factors identified to cause groundings could be
addressed. These restrictions would make the passing scenarios much safer. Under current
methods, these restrictions would not have been identified resulting in either a rejection of an
adequate channel or a recommendation that did not include specific safety concerns identified.

Figure 6.7

Mobile passing simulations broken down by factors.

Source: Johnston et al. 2021
6.4

Application #2: Identifying Simulation Errors
Although not initially created to identify simulator errors, the DATSS can be used to

recognize if a grounding or issue may have been caused by a simulator error. Under current
processes there is no method to easily identify simulator caused groundings. During the summary
analysis completed through the DATSS, average percent tug usages were plotted for the Mobile
data (Figure 6.8). In this figure, it can be recognized that second run number two shows an
average of zero for all the tugs used in the simulation. As turning basin runs in this area require
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large tug usage, this appears to be an error. The individual simulation figure created for tug usage
was viewed to determine if the tug force averaged zero or did not occur at all (Figure 6.9). This
individual simulation plot showed that no tug force was used during the simulation. This
represents a simulator error because the pilot would not have attempted this simulation without
using any tug force. This simulation resulted in a grounding. Through the use of the DATSS, it is
clear that this error was not caused by a channel deficiency but instead a simulation error. This
simulation can be confidently removed from analysis.

Figure 6.8

Average percent tug use for the Mobile turning basin simulations.
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Figure 6.9

Mobile simulation #5 which shows a simulator error regarding tug forces

Another simulator error was identified when reviewing the individual simulation number
three graph (Figure 6.10). In this graph, the red box identifies the simulator error. In this box, the
speed of the vessel increased by an entire knot in about two seconds even though the engine was
not being used. Current and tug forces were also verified to ensure the increase was not due to
their impact. Following verification, it was determined that this also represented a simulator error
as that reaction was not realistic.
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Figure 6.10

Mobile simulations #3 which shows a simulator error regarding vessel speed

Red box highlights a simulator error where speed increased unrealistically.
In both of these examples, a simulator error was identified as the grounding cause as
opposed to a pilot error or channel deficiency. Under current methods, neither of these
groundings would have been identified as a simulator error. By having the ability to clearly
identify a simulator error, simulations can be confidently removed so that they will not
negatively impact the review of channel feasibility. If there were enough simulations that
resulted in groundings due simulator error that were not identified, then the channel viability
could have been in jeopardy. Furthermore, this could have resulted in a recommendation of an
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enlarged channel that was unnecessary causing higher construction and maintenance costs.
Depending on expansion recommended and the benefit to cost ratio of the project, it is possible
an entire project could be rejected.
6.5

Application #3: Data Extraction for Sponsor Request
During the Mobile Harbor study simulations, concerns were raised regarding the turning

basin entrance. The McDuffie Coal Terminal is located at the entrance of the Choctaw Pass
Turning Basin (Figure 6.2). To prevent damage to the dock or docked vessels, the transiting
vessel must maintain a low speed when transiting by the terminal. However, a certain amount of
speed is required so that the transiting vessel maintains steerage. Pilots were able to identify a
few historic events where this has occurred in the past. These historic events were of particular
concern as the proposed channel modifications will allow larger, deeper draft vessels to call on
the port and use the turning basin. These larger vessels would likely exasperate this concern as
they would be pushing even more water while transiting. In this study, the docked vessels were
represented by targets, or a visual only cue, so no conclusions could be drawn regarding speeds
or distant requirements to not disturb the docked vessels. A subsequent study has been suggested
to further analyze this concern. However, the sponsor requested approximate distances and speed
from the berths to establish a baseline and inform preliminary screening simulations during the
subsequent study. This request could be answered by using the AOI option in the DATSS. A
point near the middle of the northern berth on the beam of the docked vessel was selected as the
AOI (Figure 6.2). The DATSS was able to extract speed and beam distance to the AOI (Figure
6.11). Under current conditions, this information would have to be hand pulled from each
simulation using a combination of track plots and raw excel files to connect data to a location in
the channel. By implementing the DATSS, time and manpower requirements can be drastically
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reduced to answer a sponsor request such as this. Additionally, the data extracted by the DATSS
is standardized. Under current processes, operator error and discrepancy between operators could
occur. By allowing the DATSS to pull this information, time and manpower requirements are
reduced while improving precision and accuracy of the data.
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Figure 6.11
6.6

AOI summary information extracted from an excerpt of Mobile turning basin
simulations

Summary
In the applications listed previously, the DATSS promotes the ability to make more

informed decisions. Certain simulations can be identified as pilot error, simulator error, or
unrealistic vessel handling and subsequently justifiably removed from consideration. By not
removing these inappropriate simulations incorrect conclusions could be drawn. Ultimately,
incorrect conclusions can lead to increased construction and maintenance costs and in extreme
cases, rejection of a channel improvement project. Additionally, the DATSS can help identify
safety restrictions to recommend. These restrictions encourage a safer environment, but they can
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also inform economics. For example, if it was originally expected that channel modifications
would allow for 100% use, but following simulations, it was recommended that no transits
should occur during winds greater than 25 knots (5% of the time), then economics can be
updated to reflect a more realistic number. Finally, the DATSS allows for much quicker,
cheaper, and accurate analysis to support sponsor request.
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CHAPTER VII
SUMMARY AND FUTURE WORK
7.1

Summary
The ERDC STS has been used to inform channel design since the 1980s. Ship simulation

studies to assess channel modifications rely on subject matter experts, or pilots, in the channel or
area of interest to pilot a vessel in a virtual future harbor. In current methods, track plots,
runsheets, final pilot questionnaires, and discussions are all analyzed to determine final channel
recommendations. During each simulation, vessel status parameters are recorded such as rudder
angle, engine power, rate of turn, and speed. While vessel parameter analysis was completed in
the 1990s, it was phased out likely due to its cumbersome nature. Current methods did not allow
for vessel status data to be analyzed easily, so it was often ignored. However, ignoring this data
is incautious as it highlights safety issues and inappropriate vessel handling.
The Data Analysis Tool for Ship Simulation (DATSS) was created to establish a quick
method that allows for the raw data from the ship simulator to be processed and presented in a
digestible way. Initial user requirements are low and include data analysis selection, initial
simulation information, and an initial gird (optional). The DATSS method is semi-standardized
but flexible enough that it can form to different projects and requirements. The DATSS will
process all the data, produce summary information for various breakdowns, and create individual
simulation graphs. A grid system was established so that data can be appropriately linked to
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known locations and simulations can be compared directly. While the DATSS is not all
encompassing, it has established a solid foundation that can be expanded on in the future.
7.2

Other Possible Applications
In Chapter VI, the Mobile study was used as a case study to present three different

possible applications of the DATSS: grounding analysis, identifying simulator errors, and
supporting sponsors requests. However, there are other possible applications. Basic support and
strengthening of conclusions could be obtained through vessel remainders or a comparison to
current conditions. Another possible application is identifying simulation outliers. For example,
if a single pilot was in disagreement with the proposed changes, then that pilot’s vessel handling
could be reviewed and it could be determined if they were an outlier or if they fell within the
averages. If they were an outlier then they may perform a maneuver that is not feasible in the
proposed channel and could be suggested as a restriction (e.g. speed restriction).
7.3

Current Limitations
For the scope of this study, a foundation of the DATSS was a requirement, but it was not

expected that a fully encompassing tool would be established. Because of the anticipation that
some areas would be expanded later, there are some limitations and assumptions in the current
state.
Some of these assumptions may not ever need to be expanded such as the maximum tug
analyze of four tugs. In most studies, four tugs should be sufficient, but if there were more than
four tugs required, then the code would need to be expanded to capture this. Additionally, tug
analysis and thruster analysis is only performed when there is one ownship in the simulation.
Typically, tugs and thruster use would be required during a turning maneuver and at high speeds,
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tugs and thrusters have little to no impact. So, the DATSS currently assumes tug or thruster
analysis will only be required for simulations with one transiting vessel. One intentional
limitation was restricting the combination plots to require one ownship and location analysis
(sub-grid creation) to be selected. Location analysis is required as time is not conducive to
directly connecting simulations and wrong conclusions could be drawn. Combination graphs
with two ownships are not currently allow as these graphs would be extremely convoluted and
would likely be difficult to discern. Currently, the maximum number of ownships supported is
two, which is likely adequate for most simulations. However, if an area included a specific
interest in simulating a pass-recover-pass scenario then the DATSS code would need to be
expanded to include a third ownship. Although the DATSS could plot turning basin simulations
by location, it is not currently recommended as often the track may circle back on itself and
results would be presented unclearly. If plotting by location was desired in a turning basin, the
code could be modified to account for this.
One of the current limitations that is expected to be expanded in the future is the AOI
calculations. Currently, only one AOI is available each time the code is used, the AOI must be
specified by a single point, and only a single ownship must be present in the simulation. It could
be easily expanded to include multiple AOIs or two ownships. Although it would require more
effort, the AOI calculations could also be expanded to define the AOI as a true area rather than a
single point. Another expected expansion of the tool would be to include more variables of
interest. The simulator has the ability to record an exhausting list of parameters. Currently, the
DATSS is restricted to analysis regarding speed, engine power, rudder, maneuvering factor,
thruster, and tug usage. However, there are many other variables that may be important to
include in the future.
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Presently, the AOI and meeting location extraction calculates a distance from the beam of
the vessel at its midpoint. It should be noted that this calculations measures it from the beam of
the vessel but does not calculate the shortest distance. For example, the vessel may be angled
while transiting and the bow of the vessel may be closer to the AOI or meeting vessel than the
beam distance calculated. It would be possible to change this calculation to determine the
shortest distance instead of the beam distance. However, this calculation would not be trivial. For
passing simulations, a beam distance is an acceptable measurement. It was determined that the
beam distance would provide an appropriate estimate in the majority of cases.
One major requirement when using the DATSS is that it must be used intelligently and
with scrutiny. As discussed earlier, different parts of the channel will require different vessel
usages. For example, runs from a turning basin should not ever be compared with runs located in
the entrance channel. Any conclusions drawn from the DATSS, should be scrutinized to ensure
that conclusions are stemming from appropriate assumptions.
7.4

Future Work
While the code was tested and checked often as it was built, the program is still newly

developed so bugs could exist that are currently unknown. For this reason, the data sets tested on
needs to be expanded. Furthermore, by applying the DATSS to other studies, other applications
may reveal itself and additional expansions may be developed. The code could likely be
streamlined to improve memory requirements and speed by a computer programmer. Although
the code is heavily annotated with comments, a formal manual needs to be created so that other
members of the STS team could easily utilize the program. While ideally, the user should only
have to alter the heading portion, there could be other expansions desired which would require an
understanding of the code. A manual would promote this understanding. Eventually, once the
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DATSS is finalized, it should be converted to a standalone application that no longer requires a
subscription to MATLAB to utilize. Finally, a graphical user interface (GUI) would be the ideal
ultimate product so that no coding would be required for implementation.
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APPENDIX A
INITIAL HEADER CODE
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The preliminary options in the DATSS are selected in the header portion of the code
(Figure A.1 and Figure A.2). The first section of the header portion includes analysis selection,
plot type, grid spacing, time purging, and AOI (Figure A.1). Currently, the parameters that can
be selected for analysis include rudder, tug, throttle, thruster, speed, and maneuvering factor. To
select an analysis, the user must set the analysis value to one. If location analysis is selected a
grid sizing in meters must be provided. If the simulation includes a meeting, approximate
headings for the vessels during the meeting are required to appropriately differentiate between
inbound and outbound vessels. This is important as inbound and outbound vessels should not be
combined together for analysis. If there is not a meeting, this section can be ignored. The time
purge will remove data that is not divisible by the provided value. In this example, only data that
was recorded that is divisible by 30 seconds will be plotted in the individual simulation graphs. If
an AOI is desired it must be specified by latitude and longitude. The second section of the header
portion includes the option to plot graphs colored by pilot and the file paths to the vessel library,
initial information sheet, and initial grid.
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Figure A.1

Header section of the DATSS for analysis options

Comments are shown in green.

Figure A.2

Header section of the DATSS for other features

Comments are shown in green.
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APPENDIX B
ADDITIONAL BREADKDOWN OUTPUT EXAMPLES

The following section includes example output generated by the DATSS. The data
presented is from a portion of the turning basin simulations from the Mobile Harbor study for
Section B.1 through Section B.4. First, a breakdown for each simulation number is created for a
variety of parameters of interest. (Figure B.1 through Figure B.3) The summary data is then
averaged in various ways to create breakdowns such as run number (Figure B.4 through Figure
B.6), pilot (Figure B.7 through Figure B.9), and vessel (Figure B.10 through Figure B.12).
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B.1

Breakdown by simulation number

Figure B.1

Breakdown by simulation number
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Figure B.2

Breakdown by simulation number continued
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Figure B.3

Tug use breakdown by simulation number
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B.2

Breakdown by run number

Figure B.4

Breakdown by run number
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Figure B.5

Breakdown by run number continued
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Figure B.6

Tug breakdown by run number
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B.3

Breakdown by pilot

Figure B.7

Breakdown by pilot
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Figure B.8

Breakdown by pilot continued
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Figure B.9

Tug breakdown by pilot
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B.4

Breakdown by vessel

Figure B.10 Breakdown by vessel

100

Figure B.11 Breakdown by vessel continued

101

Figure B.12 Tug breakdown by vessel
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